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Monday, February 9, 2015 233asuch as DNA. Traditional magnetic tweezers geometry imposes a vertical
extension on a surface-tethered molecule parallel to the microscope’s optic
axis, resulting in only a small section of DNA being in focus and thus being
reliant on indirect measurements of magnetic bead position to infer topological
dynamics. Here we describe a bespoke transverse magnetic tweezers system
that can be integrated with optical tweezers and multicolor single-molecule
fluorescence imaging. This permits independent control over the molecular
extension and torque imposed on a single DNA molecule while allowing the
full extent of the DNA to be visualized within the fluorescence microscope’s
depth-of-field, in addition to proteins bound to the DNA which affect its topol-
ogy, such as DNA gyrase. Using a lamda DNA control we have generated a
bifunctionalized construct via oligo insertion to permit tethering of single
DNA molecules between a streptavidin-coated paramagnetic bead and a nano-
scale platform, and have generated superresolution structural detail of DNA
with video-rate sampling to a lateral precision of a few tens of nm utilizing
the stochastic photoblinking of the intercalating DNA dye YOYO-1 and the
minor groove binding dye SYTO-13 through Blinking assisted Localization
Microscopy (BaLM).
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Key genomic processes such as replication and transcription require localized
unwinding and base-pair melting of the double-helix. In vivo, however, DNA is
often torsionally constrained, presenting a topological barrier to unwinding.
While it is known that unwinding can proceed through buckling of such
DNA (resulting in plectonemes), this may only occur at low forces (typically
below 1 pN). Here, we ask: how can torsionally constrained DNA unwind at
higher forces without changing the overall twist?
Using a combination of optical tweezers and fluorescence microscopy we map
the local changes in twist and base-pair integrity of torsionally constrained
DNA as a function of tension and ionic strength. By correlating the second de-
rivatives of force-extension curves of torsionally constrained DNA to the
binding of a fluorescently-labeled single-stranded DNA binding protein (Repli-
cation Protein A), we identify two tension-dependent structural transitions. In
agreement with a previous proposal, we show that at high tension (above
115 pN), unwinding is accompanied by the formation of overwound DNA
(termed P-DNA) in a largely cooperative mechanism. Strikingly, we also reveal
that for intermediate tensions (60 to 115 pN), localized base-pair melting can
occur without changes in DNA twist. This mechanism, which is significantly
less cooperative, is referred to here as ‘pre-melting’. We demonstrate that
pre-melting is favored by AT-rich sequences and low ionic strength. In
contrast, P-DNA is largely stabilized by higher salt concentrations, while
also having a preference for AT-rich domains. This supports the hypothesis
that P-DNA consists of tightly entwined backbones with exposed bases.
These findings provide a new understanding of the interplay between DNA
twist, extension and sequence. Moreover, since DNA unwinding can be
induced through either tension or applied torque, this work may have strong im-
plications for the metabolism of torsionally constrained DNA in vivo.
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Bending rigidity of DNA is one of its most important mechanical properties,
since in eukaryotic cells a vast majority of the DNA (75-80%) is tightly packed
into chromatin. Classical experiments have measured the persistence length
(PL) of DNA, which is directly related to its bending rigidity, to be about
45-50 nm (140-160 bp). Previous all-atom molecular dynamics (MD) studies
of DNA flexibility attempted to calculate this value using relatively small frag-
ments (much less than PL) in explicit solvent. However, the simulations are
usually computationally expensive due to a large number of water molecules
required to construct the solvent box, and the resulting PL approximations
are greater than the experimental values. One possible explanation for this
discrepancy between experiment and simulation may be that classical experi-
mental measurements were performed with DNA fragments on the order of
PL or greater, while fragments much smaller than PL have so far been used
in MD studies. In this work we provide a computationally inexpensive method
of estimating the PL of DNA from atomistic MD simulations of long fragments
on the order of PL (~150 bp) in implicit solvent that provides good agreement
with experiment.1173-Pos Board B124
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Fluorescence Correlation Spectroscopy has been used to study the conforma-
tional dynamics of DNA hairpin molecules of various loop lengths in aqueous
solution. In a recent development, we are also able to monitor the temperature
dependence of the processes of interest. In our 2-beam approach, the analyte
molecules flow through an electrophoresis capillary under the influence of pres-
sure driven flow or electrophoretic flow and are probed by two spatially offset
probe volumes in such a way that the molecules flow sequentially from one
probe volume to the next. A pair of dye-quencher molecules attached to
DNA or RNA hairpin structures give rise to fluorescence fluctuations due to
folding-unfolding dynamics of the hairpins. Fluorescence fluctuations from
the probe volumes are analyzed using auto-correlation and cross-correlation
analysis. In this way, we are able to resolve fluorescence fluctuation time con-
stants arising from diffusion, flow, triplet blinking, and conformational fluctu-
ations. Using a temperature controlling stage we can fix the temperature to
within 0.2 degrees in the range 5 - 95 degrees Celsius, unaffected by the
flow rate of the solution in the capillary. In this presentation, we will discuss
recent results from our study of DNA hairpins of different loop lengths, at
different temperatures and Sodium ion concentrations. We will also discuss
binding and unbinding of counterions to individual nucleotides as they flow
through the capillary under the influence of an applied electric field. Emphasis
will be placed on how the desired information can be extracted using our unique
approach to fluorescence correlation spectroscopy.
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Despite decades of theoretical and experimental research, the mechanism of
DNA condensation remains elusive. Numerous models successfully describe
this condendsation, including those invoking dynamic counterion fluctuations,
salt bridges, static counterion lattices, and models that invoke the underlying
DNA geometry, all while presenting vastly different models for ion binding.
Here we present new experimental data that quantifies the ions bound to
condensed DNA arrays. By measuring the competition between condensing
ions and various non-condensing ions we quantify the electrostatic interactions
between the DNA and ions. Furthermore, by varying the inter-axial spacing of
condensed DNA utilizing crowding agents, we report on the interplay between
the packing force of DNA and competitive ion binding. Finally, we present a
simple new Ion Binding Model (IBM) that captures much of the observed bind-
ing. These data should prove vital in determining the underlying electrostatic
mechanisms that drive DNA condensation.
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The stresses induced in DNA during cell processes such as replication and tran-
scription lead to the formation of plectonemic supercoils. Supercoiling in turn
affects these processes. As a result of this relationship between supercoiling and
these processes, the degree of supercoiling in DNA needs to be controlled
closely in order to optimize these cell processes. This control is facilitated by
enzymes such as type 1b topoisomerases and nicking endonucleases which
relax supercoiling in DNA.
The dynamics of DNA supercoil relaxation have been studied in recent exper-
iments by means of single-molecule magnetic and/or optical tweezer ex-
periments. Novel as these experiments are, they do not permit a direct
observation of the structural changes that occur in DNA during supercoil relax-
ation. They depend on components (e.g. a paramagnetic bead) attached to the
DNA to indirectly obtain information about these dynamics.
We studied the dynamics of supercoil relaxation by means of Brownian Dy-
namics simulations of a discrete wormlike-chain (dWLC) model of DNA.
These simulations parallel the single-molecule experiments in which a single
DNA molecule is held under constant tension so that its end-to-end extension
increases as supercoils are relaxed by a nicking endonuclease. The dWLC
model accounts for elasticity, electrostatics and entropic forces as well as for
hydrodynamic interactions.
234a Monday, February 9, 2015From the simulation results, wemore directly extract the rate at which supercoil-
ing in DNA is relaxed by nicking endonucleases. We also determine the depen-
dence of the relaxation timescales on the tension applied to the DNA molecule.
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Flavins (vitamin B2 and its derivatives) are important blue light sensors and
photoredox cofactors. They are also crucial for many proteins that do ground
state redox chemistry. Lumichrome (Lc) and lumazine (Lm) are photodegrada-
tion products of flavins. Lumazine has been identified as a photoantenna for the
cryB protein from Rh. sph., which provides photoregulation of photosynthesis
in that cyanobacterium (J. Biol. Chem. 2014, 289:19659-19669). Other studies
(J. Biol. Chem. 2009, 284:13068-13076) suggest that archaeal dodecin, a
riboflavin-binding protein, may reduce Rbf concentrations photoselectively
by an ultrafast electron transfer reaction to produce LC in a manner that pre-
serves cellular integrity. We have used Stark spectroscopy to measure the elec-
tronic charge redistribution accompanying light absorption for the lowest
optically accessible singlet transitions. Difference dipole moments and changes
in the polarizability of the molecules were estimated. These results are dis-
cussed in relation to the proteins that incorporate them.
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Structural information on the complexes of drug like molecules with quadruplex
DNAs can aid the development of therapeutics and research tools that selectively
target specific quadruplex DNAs. Screening can identify candidate molecules
that require additional evaluation. An enhanced hydroxyl radical cleavage pro-
tocol is demonstrated that can efficiently provide structural information on the
complexes of the candidate molecules with quadruplex DNA. NMR methods
have been used to offer additional structural information about the complexes
as well as validate the results of the hydroxyl radical approach. This multi-
step protocol has been demonstrated on complexes of the quadruplex formed
by the thrombin binding aptamer (TBA) and promoter region of c-kit. The hy-
droxyl radical results indicate that NSC 176319, Cain’s quinolinium that was
found by screening, exhibits selective binding to the two TT loops. The NMR
results are consistent with selective disruption of the hydrogen bonding between
T4 and T13 as well as unstacking of these residues from the bottom quartet. The
preliminary result indicates that the NSC 176319 also binds to the loops of the
quadruplex formed by the promoter region of c-kit. NSC 176319 is used as a
hit and the structurally similar molecules are being screened to find other candi-
date molecules. Thus, the combination of screening, hydroxyl radical footprint-
ing and NMR can find newmolecules that selectively bind to quadruplex DNAs
as well as provide structural information about their complexes.
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Guanine rich oligodeoxyribonucleotides (ODNs) can form non-canonical DNA
structures known as G-quadruplexes. These are four stranded structures stabi-
lized by monovalent sodium and potassium cations. The topologies of folded
G-quadruplexes are highly polymorphic. H-Tel, an ODN with four consecutive
repeats of the human telomeric sequence, [d(AGGGTTAGGGTTAGGGT
TAGGG)], can assume different monomolecular G-quadruplex topologies de-
pending on the type of cation present in solution. In vivo a large portion of
cellular volume is occupied by macromolecules; which can also affect the to-
pology adopted by folded H-Tel. At high concentrations the DNA itself can
also contribute to the crowding conditions, which may be relevant to the behav-
iour of DNA in the cell. Our previous work demonstrated that at high concen-
trations of the guanine rich sequences, the monomolecular G-quadruplexes
formed by H-Tel self-associate to form higher order structures. Such aggregates
display a circular dichroism spectrum similar to that of an all-parallel structure.
We are investigating the energetics and mechanism of the interaction between
the individual folded H-Tel monomers. Using H-Tel and H-Tel derivative
ODNs with modified loop sequences, we are studying the contributions of
the loops interactions to the self-association of monomolecular G-quadru-
plexes folded by H-Tel. The structural change from a G-quadruplex monomer
to an aggregate is studied as a function of time and ODN concentrations. Spe-
cifically, we used circular dichroism spectroscopy (CD), UV spectroscopy, and
gel electrophoresis to study the thermodynamics and kinetics of the folding andself-aggregation of these ODNs. We are also studying the energetics of the
folding of the cytosine-rich complementary strand with the same methods.
The thermodynamics of the concomitant folding of the G-rich and C-rich
strands may play a role in the behaviour of these sequences in the cell.
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Phenomenon of deoxyribonucleic acid (DNA) translocation through a nanopore
is a significant interest in the field of biophysics. In the condition of applied
voltage, coiled DNA molecules in the electrolyte approach to the mouth of a
nanopore and thread into a nanopore by uncoiling its structure. Then DNAmol-
ecules recoil and diffuse outward from a nanopore after DNA translocation.
Because DNA molecules uncoil to thread into a nanopore and recoil after
DNA translocation, DNA dynamics near a nanopore strongly correlate
with DNA translocation. Here, we propose an optical method for investigating
DNA dynamics near nanopores at sub-millisecond and sub-micrometer levels
by using ultraviolet light and silicon nanopores. Silicon nanopores, which have
high refractive index and extinction coefficient at ultraviolet light, induces the
light spot,whose size is 100nm, upon nanopores due to low transmitted light con-
dition. By threading into nanopores, DAPI-stainedDNAmolecules pass through
the ultraviolet light spot and emit fluorescence.We use the fluorescence intensity
trace as the information of DNA translocation through nanopores. As the results
of our measurement, the fluorescence intensity traces were in accordance with
previous investigation of the voltage dependence of DNA electrophoresis
mobility. Furthermore, our analytical results of fluorescence intensity traces
showed the correlation between DNA conformations during DNA translocation
through nanopores, which are unfolded or folded DNA translocation, and DNA
dynamics after DNA translocation through nanopores, which reveal the useful-
ness of our optical method for investigating DNA dynamics near nanopores.
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Hydroxymethylation of DNA at the C5 position of cytosine (5hmC) is an impor-
tant epigeneticmodification,which has an established connectionwith transcrip-
tional regulation. 5hmC is an intermediary of the demethylation pathway and is
considered to be a transcriptionally active mark. The mechanistic role of 5hmC
in regulating transcription, however, remains poorly understood. We sought to
understand the molecular role of 5hmC by studying its impact on DNA and
nucleosomal properties. This was assessed through measurements of nucleo-
some stability, compactness and the free energy of DNA-histone binding. The
5hmC-induced changes were compared with another well-documented modifi-
cation ofDNA, i.e.,methylation at theC5 position of cytosine (5mC).Our results
show that the hydroxymethylation of DNA increases the affinity of DNA for the
histone octamer, thus favoring nucleosome formation. Hydroxymethylationwas
also found to lower the stability of formed DNA-histone complexes in a salt
induced dissociation experiment. We were able to trace the origin of this effect
to theweakened affinity of the 5hmCDNAfor theH2A-H2Bdimers. The confor-
mation of formed nucleosomes was altered slightly by the presence of DNA
modifications. This was mainly reflected in a change in the end-to-end distance
of the nucleosomal DNA, involving up to 4 base pairs. Our results suggest that
hydroxymethylation of DNA plays an opposing role in nucleosomal dynamics,
when compared to methylation. Hydroxymethylation of DNA can possibly lead
to amore transcriptionally active state, which is consistent with its role in the de-
methylation pathway.
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Capillary electrophoresis can be employed to measure the translational diffu-
sion of ionic molecules using very small volumes of very dilute solutions.
Diffusion is observed by increases in peak width when the analyte remains
in the capillary for variable periods of time in the absence of an electric field.
We have made this technique more efficient by repeatedly reversing the direc-
tion of the electric field, thus allowing the ionic molecules to pass the detection
window multiple times after a single injection.
We have applied this technique to measure the translational diffusion coeffi-
cients of double-stranded DNA molecules ranging in size from 71 to 960
base pairs, injected into buffers of different ionic strengths. Surprisingly, we
find that the diffusion coefficients decrease with increasing ionic strength;
